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© Aromatic sulfideamlde polymer and method for producing the same. 

© A class of amide group-containing ^o a novel class of 

aromatic suifideamide polymers increased in crystalline melting point (T m ). The polymers exhibit excellent 
resistance to high temperatures* resistance to solvents, fiame-retardant properties and improved mechanical 
properties. 
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AROMATIC SULFIDEAMIDE POLYMER AND METHOD FOR PRODUCING THE SAME 



This invention relates to a novel aromatic sulfideamide polymer and a process for production of the 
novel polymer. The polymers according to the invention have a chemical structure in which phenylene and 
alkylene groups ;^^^^^^0^|3I^C^ ^ amid<9» grqup arid a thioether girpup. TOe pplymors^ ^ useful 

5 as matenals for producing articles exhibiting improved properties such as excellent resistance to high 
temperai^es,^ goi^ 

Polyphenylene sulfide which is a polymeric compound comprising phenylene groups linked to each 
other via a thioether group is well known in the art. This polymer has such properties as good flame- 
retardancy. low moisture absorption, high dimensional stability, etc. However, since this type of polymer 

ro exhibits a relatively low heat distortion temperature (HOT) of 260 \c (GF 40%; Lev where containing 40% by 
weight of glass fibers) and a crystalline melting point of 281 # C, its usefulness in applications where high 
resistance to heat is required is inevitably limited. Consequently there has been a demand in the art for the 
development of polyphenylene sulfide materials having higher crystalline melting points. 

A polymer substance containing thioether, phenylene and amide groups in the macromolecular 

is tteckbq^^ polyt^ioether : a^ide, and a process : for production thereof ; are 

described in Japanese Patent Public Disclosure (KOKAI) No. 60-226528. This polymer substance presents 
some problems in practice because it has a rather Ibyy softening point is soluble jn organic s such 
as dimethyl sulfoxide or N-methyl-2-pyrroiidone and exhibits poor resistance to chemicals. Additionally the 
synthesis of thiol group-containing monomers to be used in the preparation of the polymer is so expensive 

20 that production of the polymer is not feasible from the economic viewpoint. 

An object of the present invention, therefore, is provide to a novel aromatic sulfideamide polymer 
substance comprising a commercially available, inexpensive alipahtic moiety in the repeating units and 
which is improved in terms of resistance to hijgb temperatures, resistance to solvents and mechanical 
•• properties: :: ' "' ' " 

25 A further object of the present invention is to provide a process for production of stich a novel polymer 
substance. 

According to one aspect of the present invention, there is provided a novel aromatic sulfideamide 
polymer compound or compounds which qomprise(s) repeating structural unite represented by the following 
formula (I) and/or (II): 



3Q 



-£^ArV(RV). -C-N-Rt-N— C-Ar^CRZ) -SH- (I) 

a || | y || D 

O R 5 ... R* O. 



35 ^Ar 3 (R3) c -C-N^^N-C-Ar*(R 4 ) d -S^ (II) 

wherein Ar, Ar 2 , Ar 3 and Ar 4 each represent an aromatic ring; R ! , R 2 , R 3 , R 4 , R s and R 6 , which may be the 
40 same or different each represent an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having 3 
to 20 carbon atoms, an aryl group haying 6 to 20 parbon atoms, an alkoxy group having 1 to 20 carbon 
atoms, an acyl group having 2 to 20 carbon atoms or an arylakyl group having 7 to 20 carbon atoms, each 
of R 5 and R 6 optionally being hydrogen; a, b. c and d, which may be the same or different, each represent 
an integer of from 0 to 4 and R 7 . R 8 and R 9 , which may be the same or different, each represent an 
45 alkylene group having 1 to 20 carbon atoms, said polymer compound or compounds having a logarithmic 
viscosity fo] of 0 02 to 2.00. as determined by measuring the relative viscosity of polymer dissolved in a 
concentrated sulfuric acid solvent (specific gravity of 1 84) at 30 " C and at a polyifiiier concentration of 0.5 
g 100 ml and computing the result in accordance with the equation: 



so 



rhl - in (relative viscosity) 
1 J "v (polymer concentration) 



According to another aspect of the present invention, there is provided a process for production of ah 

2 
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X-ArMR^) a -C.N-R 7 -N-c. Ar2(R2) Y (Hi) 
. . 0 R s • ; R6 o 

10 . 



40 



. • . wherein Ar'. Ar* Ar» and Ar* each represent an aromatic ring; R\ R 2 , R3 r* rs R« whirh m 9 » * a 
totcarb^ 

1^ f? ' ? aryl group having 6 to 20 carbon atoms, an alkoxy group havinf 1 I lo^lSw 

o Tan^ R IS^r 9 V 0 . 20 C * b6 V t6ms b? a " W 9™P havTrig% to 20 ca^ori atoL fach 
- £ « R^S a, H- < ; and d k Wh L Ch may be th9 Same ° r each resent 

- h^^ 

The Invention will now be described in more detail 

be |f IKS mm Ar3 "* in a 51^^ diha,ide com ^ nds —» ma y 

3 o • @~t§l and . (§T 2 1§) 

ot7o m p3d SentS ^ ' S0^ •• - C °-' - CH2 - " • 0(CH3,^ - ^ ** *• -a or different in 

as inclu ^ amPleS ° f Preferred diha " d8 ^P 0 "^ <'"> and < ,V > for use in P^ent invention 



45 
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Cl-^5)-C-N-CH 2 -N-C-<0)-Cl , 
0 H H 0 

Cl-@- C-N-C2H4 -if-c-(j3y CI , 

■ 11 I 1 ii V . .. 

^ 0 H H 0 

0 H '. HO 

Cl-@- C-N-C2H4 -N C-@-Cl , 

0 CH3 CH 3 0 
CH 3 

CIhSV- C-N-CH-CH2 -n-c-<o)- CI , 

" .ii'Vl"' "• >: : : ;: : : : -;- : ' 4 -- ; - t. 11 w :: ■ • 

O H HO 

61-®- C-N-CHa -CH-CHa -N-C -<5V-C1 , 

; OH HO 
Cl-@- C-NH-CHa^— N-C-<5)-Cl , 

J! I * 1 II W 

OH H 0 

Cl-^C-N-f-C^^T-N-C-^Cl , 

» J, I M V/ .. ............. 

OH H 0 ^ 

C^?-p^H 2 ^C^ ci , 

. OH ' . HO 
Cl-@- c-N-e-CHz-)— -N-C^>- CI , 

>^ J I 6 I II W 

0 CH 3 HO 

C1 "<§>- f 1 ?^-c^^-c-@-ci , 

O H h o .-. 

Cl-@)-C-N-e-CH2^— N-C-<0>-Cl , 

OH ^ H 0 

CI-®- C-N-CH 2 CH 2 -N-C-<5V-C1 , 

— « » I II w 

0 H H 0 

Cl-^-C-N-CHa-^- CH 2 -N-C-@-Cl , 

oh . h 0 ' ;';/,": 

(cis or trans) 

Cl-©^ C-N-CH a -<H^CH 2 -N^CngV-Cl . 
11 1 I 11 • 

0 H;-;; •f.c::::;::.:. " :: H O 

(cis or trans ) 
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Cl-<0>-C-N-CH2 -4D~N-C-<5>- CI . 



0 H H 0 



(cis or trans) 



C1-@-C-N-(h)- N-C-©-Cl , 

H 0 • ■ 



4 H 



(cis or trans) 



'o Cl-(0>-C-N-^S^N-C-<0>-Cl. 

n !':'"":.'.: « h 
0 H H 0 



.15 



Cl-^p)-C-N N-C-<0^ci and 

,0 ^. :^..^0v 



20 it is p?efea that the ami de group-containing dihalide cqmppunds contain bonds at the para positions 
if it is mainly desired to improve the thermal resistance properties of the product polymers On the other 
handf if it [ISi h^t^Wi^^^P the sbiubility;and properties of the siilfidieamide polymer products.; : 

; the dihalide. compounds may contain bonds at the metha positions and or at the ortho positions, or may be 

. . branched. ..... . . 

25 The amide group-containing dihalide compounds may be synthesized by the conventional amide 
linkage formation technique. A typical example of synthesis is a process in which a corresponding halogen- 
containing aromatic carbony I chloride is reacted with a corresponding aliphatic diamine. 

The organic polar solvents use& of the present inveritiori are preferably aprbtiic bribs arid 

dries Which are stable in the presence of alkalis at elevated temperatures Examples of the preferred 
30 solvents include N ,N^imetti^ , h^air^thy! : p^phprip frfemidb 

(HMPA), dimethyl sulfoxide (DMSOj/ N-methyl^-pyrrolidone tNMP), 1 ,3-dimethyI imidazolidinone. 

The sulfidizing agents which may be used in the process include alkali metal sulfides, combinations of 
hydrogen sulfide with alkali metal bases, and pombinations of alkali metal hydrp$ulfides with alkali metal 
basis. The alkali metal sulfides and hydrosuifides may be used as hydrates (from 0 5 to 10 molar 
35 equivalents) The sulfidizing agents may be prepared in situ prior to introduction of the dihalide compound 
of the general formula (III) and/or (IV) into the reaction system. Of course, the sulfidizing agent may be 
prepared outside the reaction system and then Introduced to the system. It is preferred that before the 
sulfidizing agent is introduced for commencement of the polymerization in the reaction system, the content 
of water in the system should be reduced to a level of less than 2.5 molar equivalents per equivalent of the 
40 sulfidizing agent to be introduced. 
' ■ ■ ^ sodium hydros with ;M^|MM : ; 

hydroxide, and hydrogen sulfide in conjunction with sodium hydroxide are preferred, 

In the polymerization, a phase transfer catalyst such as a crown^ther compound, phosphor salt or an 
ammonium salt compound and/or as an assistant such as an alkali metal carboxylate may be used to 
45 effectively increase the molecular weight of the resulting polymer. 

The polymerization is effected at a temperature of about 150 - 300 *C. preferably 180 - 280*Ci for a 
period of about 0 5 - 24 hours, preferably 1 - 1 2 hours. 

The preferred molar ratio of the dihalide compound (III) and/or (IV) to the sulfidizing agent used in the 
present process ranges from 6.9 it .6 to i. 1 :1 .6. 
so The quantity of solvent used in the prociess may be such that the reaction sy stem will contain 7 - 50%. 
preferably 10 - 40%, by weight of the product polymer upon completion of the polymerization. 

^The prbcesis may Comprise* the ;; fg^er ste jp of recovering the polymer e:g. by conventional methpdsi; 
such as vacuum, solvents or water. The Isolated product polymer may be washed with any suitable organic 
solvent Or water arid then dried. 
55 Generally, the aromatic suifideamide polymers according to the present invention have a logarithmic 
viscosity in the range of 0.02 to 2.00, as measured at a concentration of 0.5 g/100 ml in concentrated 
sulfuric acid at a temperature of 30* C, Polymers having viscosities of 0 05 to 2 00 are preferred. 

The aromatic polysulfideamide polymers of the invention may be advantageously chain-extended and/or 
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cross-linked and/or branched by heatinjg in an oxidative atmosphere, such as air or oxygen-enriched air. 

Where the polymers are molded or otherwise shaped, they may contain various filler materials. 
Examples of suitable filler materials include (a) fiber fillers, such as glass fibers, carbon fibers, boron fibers, 
aramid fibers, alumina fibers, etc. and (b) inorganic fillers, such as mica, talc. clay, graphite; carbon black, 
silica, asbestos, molybdenum disulfide, magnesium oxide, calcium oxide, etc. 

As shown in the following ^ampleSi the polymers of the present invention exhibit, on IR analysis, 
absorptions around 1090 cm -1 (caused by thioether linkages), around 1840 cm"' (caused by carbonyl 
groups in amide linkages) and around 3320 cm* 1 and 1540 cm" 1 (both caused by amino groups in amide 
linkages). These IR data confirm ^ ; ^e present polymers have the stra^ 

The invention is illustrated in detail but not limited by the following Examples. 

Since most of the polymers according to the invention are only soluble in some special solvents such 
as concentrated sulfuric acid or an N-methyl-2-pyrrolidone/lithium chloride (95/5 by weight) mixture, and are 
only sparingly soluble or insoluble in common organic solvents, it is not readily possible to determine the 
average molecular weight of ^e a convention Hence, the Ipg^ithmic 

viscosity value M of a polymer is herein empioyed as a measure of the molecular weight of that polymer 
The logarithmic viscosity 

concentrated sulfuric acid solvent at 30* G and at a polymer concentration of 0.5 g/100 mland calculating 
the result in accordance with the; equation: 

r n i - l n (relative viscosity) 
- J (polymer concentration) * 



Example 1 

A 500 ml autoclave was charged with Na2S»2.7H20 (0.04 motes) and N-methyl-2-pyrrolidbne (NMP) 
150 ml and heated to a temperature of 200* C with stirring so as to dehydrate the mixture. By this 
dehydration. 1.26 g of water containing 4.31% of NMP was distilled off. After cooling the reaction system 
downto 100° C. adichloride. 

OH ;;■ HO 

(0.04 moles) was added together with an additional 50 ml of NMP The system was shielded and heated to. 
250 * C. At this temperature, the polymerization was allowed to proceed for 6 hours 

At the end of the polymerization period, the system was cooled and methanol was added to precipitate 
out the product polymer. The mixture was filtered. The filter cake was repeatedly washed with warm water 
arid filtered and then washed with methanol and dried to give a light gray powdery polymer product (10 g; 
corresponding to a yield of 70.6%). 

The polymer had a logarithmic viscosity of 0.16 (as measured in H 2 $p4 at a concentration of 0.5 £100 
ml at 30* C) The polymer as such was not melt-moldable, but was soluble in, for example, concentrated 
sulfuric acid or N^ 

The infra-red absorption spectrum of the polymer showed absorptions at 1090 cm"* 1 (thioether linkage) 
and 3350, 1640 and 1544 cm" v (am^ 

Results of the elemental analysis are listed below: 



Found (wt%): • : 


C66.9. 


H5.8. 


N 7.7. 


S 8.6 


Theoretical (wt%) 


C678, 


H 6.2. 


N7.9, 





X-ray diffraction confirmed that the product sulfideamide polymer was crystalline in nature (see Fig. 2). 
The polymer showed a decomposition temperiature of 425* 6 but did hot show a definite melting point. 



Examples 2 - 7 



6 
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The apparatus and procedure of Example 1 was used to polymerize various dihalide compounds. The 
polymers obtained in all the cases were crystalline. 



5 Example 2 

The following dihalide compound was bmplbyqd: 



70 



C-N^f-CHz^—N-C 

■■ II I * I H 

OH H O 



CI 



.. Yield: 11.4 g. (87,3%) .. 

Logarithmic viscosity: 0.1 1 
75 (measured with a 0.5 g/ 100 ml solution in H2SO4. at 30 *C) 

IR: 1090 cm~' (thioether linkage) 3320; 1617; 1541 cm"' (amide linkage) 
Elemental analysis: 



20 



Found (wt%) 


C6s:5,: 


H5.4, 


N8.3. 


S 8.8 


Theoretical (wt%) 




H 5.5. 


N8.6. 


S98 



Decomposition temperature: 413* C 
(with no definite melting point) 
25 Soluble in concentrated sulfuric acid 0 NMP LiCI mixture, etc. 
Insoluble in methanol. DMF. DMSO, NMP, etc. 



30 Example 3. 

The following dihalide compound was employed: 

35 \_/ || J * 2 I II V 

0 H HO 

v " " 

Yield: 9.7 g (81.3%) 
Logarithmic viscosity: 0.08 
40 (measured with a 0=5 g/100 ml solution in H2SO4. at 30 * C) 

IR: 1070 cm" 1 (thioether linkage), 3320; 1642, 1552 cm" 1 (amide linkage) 
Elemental analysis: 



45 



Found (wt%): 


C 64:6; 


H 4.6, 


N9.2, 


S8.9 


Theoretical (wt%): 


€64.4, 


H 4.7, 


N9;4, 


S 10.7 



Decomposition temperature 351 * C 
(with no definite melting point) 

Soluble in concentrated sulfuric acid, NMP/UCI mixture, etc. 
Insoluble in methanpl. DMF-, DMSO, etc. 



Example 4 

The following dihalide compound was employed: 
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0 0 



5 Yield: 1Q,4g(80.1%) 
Logarithmic viscosity : 0,1 6 

(measured with a 0.5 g/100 ml splutipri in Ha SO* at 30 * C) 
IR: 1075 cm"' (thioether linkage); 1642 cm" 1 (carbonyl group) 
'. .Elerrien^ 



Found (wt%) 


G 65:0. 


H4:9. 


N 8:5; 


S8.1 


Theoretical (wt%): 


C66.7, 


H 5.0. 


N8.6. 


S 9.9 



; 5 Decomposition temperature: 432* G ; 
(with no definite melting point) 

Soluble in concentrated sulfuric acid, NMP LiCI mixture, etc. 
Insoluble in meth^pl, DM DMSQ. etc. 

20 • ' - '". • •• •• • "; : ■ •' "; '' ';" : \ ^7':':L 

Example 5 

the following dihalide compound was employed: 

:r:::;:^;;. Q .. H ; : . . :::^: Q 7ZZZr7 

30 Yield: 1 4.6 g (97.9%) 
• ; Logarithmic viscosity: 0.09 ; . 

(measured with a 0.5 g/100 ml solution in HUSO* at 30* C) 

IR: 1090 cm— (thioether linkage)! 3320; 1642; 1542 cm" 1 (ami^e linkage} 

Elemental analysis: 

35 -.: .V'."....'.'.'.' .' . ^ . ".' 



Found (wt%): 


C68.9, 


H4.8. 


N 7. 3 . 


S7.7 


Theoretical (wt%): 


C70.1. 


H 4.8. 


N 7.5. 


8 8.5 



Decpmppsitiori tempfer^ure: 384* 0 :"■ 
(with no definite melting point) .: 
Soluble in cbncehtfafed sulfuric ^id f NMP ; LiCI mixture, etc. 
Insoluble in methanol, DMF, DMSO. etc; 



Example 6 

The following dihalide compound was employed: 




Yield: 14.9 g (99.0%),- • 
Logarithmic viscosity: 0.09 

(measured with a 0.5 g. 100 ml solution in H 2 SOa at 30* C) 
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IR: 1.080' cm" 1 (thfoether linkage), 3300; 10^0; 1542 cm" 1 (amide linkage) 
Elemental analysis: 



5 



Found (wt%): 


C69.6, 


H 4.7. 


N 7.3, 


S 8.0 


Theoretical (wt%) 


C70.1, 


H 4.8, 


N 7 5. 


S 8,5 



Decomposition temperature: 387* C 
(with no definite melting point) 
to Soluble in concentrated sulfuric acid. NMP/UCI mixture. NMP, OMSO. DMA. etc 
Insoluble in methanol, m-cresol. pyridine, etc: 



'5 Example 7 : 

The following dihalide compounds were employed in admixture: 



20 




(0 . 02*raoles) 

and 



25 




':' ( 0 • 02 moles) 

Logarithmjc yiscosity: Q.1 1 . . . . 

(measured with a 0.5 g/1Q0 ml solution in H2SO* at 30* C) 
IR: 1 080 cm" 1 (thioether linkage), 3350: 1642; 1545 cm" 1 (amide linkage) 
35 Elemental analysis: 



Found (wt%): 


C 66.9. 


H5.S. 


N8.3. 


S9.1 


Theoretical (wt%): 


C 67.2. 


H5.6. 


N8.3. 


S9.5 



Decbmpbsitidn temperature: 427* C 
(with no definite melting point) 
Soluble^ 

Insoluble in meth^ol, DMF, etc. 

From the above description, it will be appreciated that the present invention provides a novel class of 
aromatic sulfideamide polymers which may be synthesized from commercially available materials by a 
simple process. It is expected that the polymers will find a w range of applitions as engineering plastics 
because of their excellent heat resistance properties and processability. 



Claims.-"., :.:!-v' : ^^V!- . ^-^^^'^T^i' . ''.v.\:::::::;;/ : ,.:v' : .: 

1. A novel aromatic sulfideamide polymer corn^ compounds which comprise(s) repeating 
55 structural units represented by the following formula (I) and/or (II): 



10 



20 



25 



45 



50 



55 
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^-E— Ar l {R 1 ) -C-N-R 7 -N— ■■■C-Ar 2 (R 2 ) - S -H (I) 
a || i i ; ii d 

OR 5 R 6 0 



: 7^ 

- . ■ -o- ^ -O- ;^ 0 ■ - • : = 

wherein Ar*. Ar 2 . Ar 3 and Ar 4 each represent an aromatic ring; R\ R?; R 3 , Rfr^fp.;-. and R*. which may be the 
same or diffe^nt r |^h represent an a^ group haying 1 itq 20 'jartSo^. |^^^J^f^.|g^raa0. having 3 
to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon 
atoms, an acyl group having 2 to 20 carbon atoms or an aryiakyi group having 7 to 20 cajrbon atoms, each 
of R 5 and R G optionally being hydrogen; a, b; c and d. which may be the same or different each represent 
an integer of from 0 to 4; and R 7 , R 8 and R 9 . which may be the same or different, each represent an 
alkylenegrou 

2 A polymer compound or compounds as claimed in Claim 1 in which groups Ar , Ar 2 Ar 3 and Ar* are 
each selected from 

^P>, C6W) or 



where 2 represents -0-; -S-. -SOsr, -GO-; -CH 2 - or -C(CH 3 )2-. 

;3:;;/V;' P9tyM&:MM&#$-, •& WB^^^-^Wi!^. |n : Gf^m ; 1 or Claim ^-^hk^^lia!?, <a logarithmic 
viscosity h] of 0.02 to 2.00, preferably 0.05 to 2.0 as determined by measuring the relative viscosity of 
polymer dissolved in a concentrated sulfuric acid solvent at 30* C and at a polymer concentration of 0.5 
g.100 ml and computing the resulting in accordance with the equation: 



fn] - ln (relative viscosity) 
30 ; (polymer concentration) ' 

4. A polymer compound or compounds as claimed in Claim 1 .2 & 3 which is heated urider ah oxidative 
atmosphere in a controlled manner so as to cause chain extension and/or cross-linking and/or branching 
35 andor any other structural change to occur to an intended or predetermined extent 

5 A process for production of an aromatic sulfideamide polymer compound or compounds comprising 
repeating units represented by the following formula (I) and/or (II) 

^rMR 1 ) a ~C -N-R? - N— C - A r 2 (R 2 ) ^-S-H (I) 

40 ' ' 0 r s • . k* S . ' ; : ■ . • 



-f-Ar 3 (R 3 ) C -C-NCR9^TN-C-Ar 4 (R*) d -S— H 



said process comprising the step of sulfidizing one or more amide group-containing dihalide compounds 
having the following general formula (III) and or (IV) with a sulfidizing agent in an brgahic polar solvent 

X-Ar 1 (R l ) -C--N-R 7 -N— C-Ar 2 (R 2 ) K -Y ( III ) 

0 R? .. . .R* 0 . 

X-Ar 3 (R 3 ) -C-N<fi>N-C-Ar 4 (R*) A -Y ( IV) 

.v. 0 0 " 

wherein Ar*. Ar 2 . Ar 3 and Ar 4 each represent an aromatic ring; R 1 , R 2 . R 3 , R\ R s and R 6 . which may be the 
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10 



same or different, each represent an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having 3 
to 20 carbon atoms < an aryl group having 6 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon 
atoms, an acyl group having 2 to 20 carbon atoms or an arylakyl group having 7 to 20 carbon atoms, each 
of R 5 and R s optionally being hydrogen; a, b, c and d, which may be the same or different, each represent 
an integer of from 0 to 4: R 7 , R 8 and R 9 , which may be the same or different each represent an alkylene 
group having 1 to 20 carbon atoms; and X and Y, which may be the same or different, each represent a 

halogen; CVV" [,..■:-. ..' V:;: . \. X- f '< '' '■ !'*■. 

6; A process as claimed in Claim 5 in which groupsAr\ Ar 2 , Ar 3 : and Ar* are each selected from 

where Z represents -0-, -S-, -S0 2 «. -CO-, -CH 2 - or -C(CH 3 )2-. 

7. A process as claimed in Claim 5 6r Claim 6 in whibh the* am ide grpup^ dihalide cpmppuifid 

employed is selected from the group consisting of: 



20 : 



25 



3a 



35 



40 



45 



SO 



55 



11 
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CH3>- C-N-CH* -N-CH^CI . 
OH HO 

ci-<p>- C-N-C2H4 -n-c-®-ci, : 

CI— w n | 1 n ^Cl 

:;::;:::. : ':::: : ;r;;o: : 'H /\ : ' H v O 

CIHSV-C-N-C2H4 -N— C-^Vci, 
0 CH 3 CH 3 0 

• CHa ■ 

ci-(dy- C-N-CH-CH2 -n-o-^V-ci , 

■ .. . 0 H ■ ■ H 0 

■,;ohv;::':::" 

ci^^C-N^CHa^CH-CHi-N-C^Vci, 

..,,,,^:,,, ; -.. 0 -..,H^ ' ■,, ; ,-, H ::.Q-...- : - 



CI-(0>- C-N-^Ha^ — N-C*®-CI , 
N - v 11 1 ♦ 1 u v — ' 

o h . h:'o • 

CIhSV- G-N— -f— CH2 •) — N^C-®- Gl V 
■ _ 0 H ■ H 0 ■ 

^Xc-N-^-CH2->— N-C'^.p, , 

CI— 1, I 6 I 11 CI 

.,'•7 0 h ;- ,;. h o " 

Cl-<0>- C-NH^-CHa-)— -N-C -<C)- CI , 

■ • 0 CHa ,• .., HO ; 

Cl-<5V-C-N-e-CH2^ — N-C-@HC1, 

w ll I 8 I B w ;'.v: 

0 H H 0 

Cl-<p)^C-N-e-CH2^--N-C^)-Cl , 

0 H H 0 

Cl-@- C-N-CH2 CH2 -^-C-@-Cl , 



11 l w 1 11 

OH H 0 



Cl-<p>- C-N-CHa'"®^ CH 2 -N-C-tf5)rCi . 

■ : , »: , ,1,:.,. . . - . I:.. : . : J|,-:-:.:.:J?SS-: .,-./,»x-x 

0 H HO 



(cis or trans) 
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Cl--<0)^C-NrCH2-(HVcH2 -M-C-<5>-Cl . 
0 H H 0 

(cis or trans) 

• : Q/H;;C;;:; H 0 

: (els' or trans ) 



Cl-<0)- C-N-®-N-C-(5>-Cl f 

6ih®>- c-n ^cHSWeii 

W ]l w II u 

o o _ ■ 

■ ii:"'\^::,,;ji;;::;^Gi.. ■,. 

0 0 



(cis or trans) 



. ' ariidmi^^ 

25 8. A process as claimed In Claim 5, 6 or 7 in which the organic solvent is aprotia 

9. A process as claimed in Claim 8 in which the solvent is selected from the grbup consisting of N.N- 
dimethyl acetemide, N^thyl-2-pyrrolidone. hexamethyl phosphoric tri amide, dimethyl-sulfoxide, N-methyl-2- 
pyrrolidone, and ■ t,3?dimetbyl imidazoline. 

10. A pirocess as claimed in Claim 5, 6; 7, 8 of 9 in which the sulfidizing agent is selected from the 
ao group :<jcinsis^ of sodium ^y^r^Md^aid. sodium l^y(jroxic|e. : r ; anci . a 



as 



11. A composition comprising an aromatic sulfideamide polymer as claimed in Claim 1, 2. 3 or 4 or 
produced by a process claimed in anyone of Claims 5 to 10 and one or more conventional additives. 



40 



45 
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